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PREFACE 


The Monterey Peninsula located on the central coast of 
California is characterized by a 750 foot ridge through the 
center of the Peninsula. This ridge has a definite effect 
on the precipitation pattern which occurs over the Peninsula. 
It is the aim of this paper to describe the variations in the 
observed precipitation patterns and indicate the causes. 

This study was conducted at the U. S. Naval Postgraduate 
school, Monterey, California, during the period March through 
May, 1958, 

The writer wishes to express his appreciation for the 
assistance and encouragement ziven him by Professors C. L. 
taylor and R. J. Renard of the Department of Aerolozy, U., S. 
Naval Postgraduate Scnool and the suggestions and comments 
offered by Professor W. D. Duthie, Chairman, Department of 
Aerology, U. S. Naval Posteraduate School, in doa m EO 
study and preparin: this report. The writer also wishes to 
express his appreciation for the cooperation of the amateur 
observers, without whose help this study could not have been 


made, 
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ABSTRACT 


An evaluation of precipitation on the Monterey Peninsula 
on California's central coast is of value in- determining the 
effect of orozraphic barriers on rainfall, This study was 
made possible by the cooperation of numerous amateur observers 
located throu.shout the Peninsula. 

A study or the precipitation patterns recorded over the 
Peninsula indicated that the factors affectinst the precipita- 
tion included wind speed, wind direction, type of clouds, 
heiznt of clouds and location as well as elevation of tne 
recording station. Low clouds cause larzest amounts of pre- 
cipitation to occur at the base or on the slope to windward 
of the Peninsula ridge. Hishere low clouds cause heaviest pre- 
cipitation at the hignest elevations witn some areas of neavy 
precipitation to leeward of passes in the ridrse. 

Ine station which reports precipitation anounts closest 
to the Avera c reiinsula precipitation was determined to be 
the ! 98 و‎ Grove Keacrvoir. Classe Limit: valies ised in 
forecasting amounts of monthly precipitation for tae Monterok 


Peninsula were calculatea for eac:i montr. 
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۲ ٣. 7۵0 

This study of precipitation measurenents in Monterey 
County originated in October, 1957, with Professors R. J. 
Renard and C. L. Taylor of the Department of Aerolosy, 

United States Naval Postgraduate School, BE snarine a mutual 
interest in the study of rainfall on tne Monterey Peninsula. 
Rainfall totals for various points on the Peninsula are 
printed in the Monterey Peninsula Herald” following each 
storm. These totals indicated that actual daily rainfall 
measurements were being recorded at various points on the 
Montere: Peninsula. It seemed probable that these observers 
would be willing to cooperate if a program were initiated to 
collect daily rainfall records for future study, 

Tne cooperation of the Monterey Peninsula Herald was 
obtained in printins an article on the proposed prom, SLT 
ins its objective and askinxz all persons maintaininz daily 
rainfall records to contact the Department of Aerolosy if 
they would like to, participate in this collection program. 
Very favorable results were obtained from this publicity as 
96 amateur rdinfall observers indicated they would like to 
participate. These observers sampled an area from Moss Land- 


en? 


2 


to Bixby Landin; and included E Monterey, Pacific 
Grove, Pebble Beach, Carmel, Carmel Hignlands, and Carmel 
Valley. The number of observers was deemed sufficient to 
besin collectins daily precipitation records by December 1957. 


The number of observers increased until the program had 38 


“Monterey Daily Newspaper 





active obsorvers at the time of this writins with plans to 
add to this number in the future. 

When it was decided tnat sufficient observers had been 
obtained to make a study of the variations in rainfall on the 
Monterey Peninsula feasible, a letter was distributed to all 
observers, inaurrınp as CO lhe typë and length of recorda 
which could be made available for such a study. As a result, 
the five-year records from July 1952 throush June 1957 from 
13 observers (Table I) were obtained. In addition to the 
study of five-year monthly and seasonal totals, the daily 
precipitation from 1 March 1958 through 6 April 1958 was 
also analyzed. This period of daily rainfall was chosen 
because of the large amounts recorded and also because of the 
numerous readings recorded from the amateur observers at this 
time. Three sets of long-period records were also made 
available for study and provided an opportunity for some 
limited analysis. 

it is hoped that a study such as this will be undertaken 
in 1965 or later when five or more years of records are 
available from more observers. A much more detailed and en- 
lightening study could then be undertaken. 

The purpose of this study is to describe the effect of 
elevation, exposure, orientation, and time on the precipi- 
tation occurring on the Monterey Peninsula with a brief 
description of the precipitation pattern in the surrounding 
area. Due to the greater concentration of population on the 
Peninsula in comparison to the remainder of Monterey County, 
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Table I 


Observers with Five-Year 


Location 


Monterey Sewaze Plant, 
Del Monte Blvd. 


USS. Naval Air Facility; 
Monterey Airport 


Hatlon Rd., (Pt. of View), 
Carmel 


Carmel valle RAE, 
Carmel Valley 


San Clenei.te Dan, 
Carmel Valley 


Los Padres Dam, 
Carmel Valley 


Forest Lake, 
Pebble Beach 


Del Monte Lodge, 
Pebble Beach 


Near Pt. Joe and Bird Rock, 


Pebble Beach 


Jewell Ave., 
Pacific Grove 


David Ave. Reservior, 
Pacific Grove 


Harrison ots; 
Monterey 


Bixby Mountain, 
Coast Hwy. 


Leva 


40! 


poo 


240! 


40! 


٦ 


99007 


Eo 


45! 


o0! 


40! 


2495! 


2901 


1500! 


Records 


Exp. Type of Gaze 


NW 


NNW 


SW 


۷ 


NNE 


W-NNE 


WSW-NNE 


SW-NE 


WNW-E 


N-E 


Bendix, 


Self-reg. 


Std. 


STO. 


Std, 


Std. 


Std. 


Wedge 


Std. 


otd. 


Std. 


4" 


g" 


gr 


8 


git 


gn 


a" 


Unknown 





a reportin:; network of nizner density is available, allowing 
a more detailed analysis to be made of tne various parameters. 
1726 1۳ 66 in the final results are avera;e or normal rainfall 
Wales Lor bae Monterey Ten!nsula 25 determined from tne 
available data and averages for each city where appropriate 
data are available. 

This thesis will describe the location and accsracy of 
the cooperative observers and their instruments, the repre- 
sentativeness and methods of analyzing precipitation data, 
and present tne results and conclusions drawn from the study. 
Recommendations ior future research and evaluation are also 


included witn the above material. 





2. Cooperative Observers 

It is obvious that wnen the cooperation of amateur 
ObS@rvers 18 requested, it is impossible to: desi nate the 
observation points sucn that they would be of the most value 
in the evaluation of precipitation over a lare area. 
Instead, it is necessary to make as complete a st.dy as pos- 
sible with the data tnat is so willingly iven, makin neces- 
sary assumptions and extrapolating into unpopulated areas 
when data is questionable or missing. Some of the factors 
2-۰۱۰۱۰٣7۹۰166 7766.0 0770-67710010616 cooperabive os)servers 
31٦86711617 location, reliability, maintenance of records, 
and tne availability ت‎ ٣۰16.1077 3 6665770 1 

The locations of tne 28 observers whose data were used 
۱ ۳۱۵ Study Of precipitation on the Monterey Peninsula are 
indicated on the topoeraphic cnart of tne Peninsula (Fiz. 1) 
by circled numbers. The address, elevation, expos re, and 
Eme- of mare used by each observer is enumerated in Table II. 
The six observers enumerated in Table III are those in 
Monterey County not located on tne Peninsula. Moss Landing 
13 located at approximately the midpoint of tne east side of 
Monterey Bay, this oeing the only observer north of the Pen- 
insula at present. Records are made available by the Cali- 
fornia Water and Telepnone Company for the two dams on tne 
Carmel River, San Clemente and Los Padres Dams, located in 
۲۰٢ Weber part ol Carmer Valley, Tne other observers are 


located on tae Coast Hizhwey near Bixby Landinz, well south 


Sta. 
NO. 


10 


01 


le 


15 


14 


22 


23 


20 


As 


Table Il 


Peninsula Cooperative Observers 


Location 


Elm St., 
Seas ide 


Monterey Sewage Plant, 
Del Monte Blvd. 


Root Hall, 
USNPGS 


U. S. Naval Air Facility, 
Monterey Airport 


Del Monte Fairways, 
Monterey 


Jacks Peak, 
Monterey 


Camino Del Monte 
@ Guadelupe, Carmel 


Flanders Dr. @ Baldwin Pl., 
Carmel 


Monte Verde @ 16th, 
Carmel (River Mouth) 


Carmel Hills Dr.(Near H.S.), 


Carmel 


Hatton ds 
Carmel 


(Pt. of View), 


Carmel Valley Rd., 
Carmel Valley 


Forest Lake, 
Pebble Beach 


Del Monte Lodge, 
Pebble Beach 


Cypress 202 7 
Pebble Beach 


Near .Pt. Joe and Bird Rock, 
Pebble Beach 


Eleve 


30! 
40! 
40! 

125! 

175! 

700! 

400! 

150! 
201 

420! 

240! 
40! 

295! 
45! 
50! 


60! 


Exp. 
0 


NW 


NNW 


NNW 


SE 


NE, SW 


SSW 


WSW 


SW 


SW 


SW 


W-NNE 


SW-NNE 


WSW-NNE 


Type of Gage 
Wedge 


Bendix, 
self-reg. 


Navy auto. 
Wx. Sta. 
Std. 4" 
Std. 4" 
Wedge 
Wedge 
Wedge 
Wedge 
Homemade 
Std: oi 
53602 | 
Std. 8" 
Sta. Oi 


Unknown 


Wedge 
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Taple II 


Peninsula Cooperative Observers 


Sta. 

No. Location Elev. 

2 Elm St., ap 
Seaside 

ó Monterey Sewaze Plant, 40! 
Del Monte Blvd. 

4 Root Hall, 40! 
USNPGS 

CTU. S. Naval Air Facility, Lao" 
Monterey Airport 

7 Del Monte Fairways, i 
Monterey 

8G Jacks Peak, 700! 
Monteroy 

9 Camino Del Monte 400! 


@ Guadelupe, Carmel 


PO SY landers Dr. © Baldwin Pl., 150! 
Carmel 


ll Monte Verde @ 16th, BOT 
Carmel (River Mouth) 


12 Carmel Hills Dr. (Near H.S.), 420! 
Carmel . 


Me CHatton ndey (Pt. of View), 240! 
Carmel 


14 Carmel Valley Rd., 40! 
Carmel Valley 


22 Forest Lake, ago 
Pebble Beach 


25 Del Monte Lodge, 45! 
Pebble Beach 


29 Cypress Point Club, Bo 
Pebble Beach 


26 Near Pt. Joe and Bird Rock, 60! 
Pebble Beach 


Exp. 
0 


NW 


NNW 


NNW 


SE 


NE, SW 


SSW 


WSW 


SW 


SW 


SW 


W 


W-NNE 


SW-NNE 


WSW-NNE 


Type of Gape 

Wedge 

Bendix, 
self-reg. 


Navy auto. 
Wx. Sta. 
Sed. J: 
Sud. ub 
Wedze 
Wedge 
Wedge 
Wedge 
Homemade 
Eds 
Std. ۳ 
55087" 
Std. 8" 


Unknown 


Wedge 








Sta. 
Mos 
27 


28 


> 


öl 


OL 


ov 
53 
39 
40 


42 


Loca Lon 


Jewell Ave., 
Pacific Grove 


Funstoi Ave., 
Pacific Grove 


Alder St., 
Pacific Grove 


David Ave. Reservoir, 
Pacific Grove 


Harrison ا‎ 
Monterey 


Mer rest Circle, Joselyn 
banvon . Rd., Monterey 


AT Mile Dr», 
Pacific Grove 


als: Devon had,, 
Carme: 111 (95 


ooh EI ILS, 


"m > E [4 
. ۳ 


٣۰ ت۰3‎ ۱۶۷186108 
Carnel 


Questa Vista Dr,., 
Monterey 


Barer AVE, 
seaside 


Elev. 


40! 
360! 
130! 
2431 
290! 


40! 


EXD. 





NE‏ لاه 


WoW- NNE 


WNW 


WNW-E 


N-E 


N 


WNW 


W- NW 


NE-ENE 


N-NNE 


T oe oil Ga ™ 
seen 


Sunset nouse 


ا 


Sad o" 


"0 ھ0 


tube 


tube 


Std. 4" 


Stu. 4" 


5 aN 


std. E 


Std. 4" 





ipe II 


County Cooperative Observers 


e 


Sua. 
No. Location blev. EXD, 
1 Pacific Gas & Electric, 9001 O 
Moss Landing 
19 San Clemente Dam, G20. N 
0۰۰۰٢ 16 
19 Los Padres Dan, 900! NNE 
Carmel Valley 
7 E Ls 150' WNW 
State Hwy. #1 
21 Palo Colorado Canyon 650! NW 
Momo trom Hwy. Fl) 
oo Bioy Mountain, 1500! NW 


Coast Hwy. 


Type of Gave 
Std. 4" 


OS nue 


otn. 8" 


Wedze 


Test tube 


Unknown 





Meme demeciiisiia. Ie locations of the observers by station 
number according to areas are as follows: 
seaside - 2, 42 
NOW Gere jo omo. 14, Bu, u, ol, 82,288, 20 
Patito Grove = 27 20, 29, 00, 54 
Pebble Beach and Country Club - 22, 25, 25, 26 
Comet oe ts LL, 9 l5, 69 
Carmel Valley - 14 
Carmel Highlands - 37 
Moss Landing - 1 
Carmel Valley - 18, 19 
Coast Highway - 20, 21, 50 

The numbers are not consecutive due to tne deletion of 
some observers when their records were no lonzer received. 
As some records are available for most of these observers, 
their numbers were not reassigned in hopes that they might 
wish to take part in tne program again at a future date. 
Bach observer is supplied forms on which to record each day's 
rainfall. These forms are returned to the Department of 
Aerology at the United States Naval Postgraduate School at 
the completion of each week durinz the rainy season. During 
the dry summer season, the observers are asked to send in 
forms only for tne weeks when precipitation is observed. 

All observations are taken at 0800 local time or as near 
tnis time as possible except the United States Naval Air 
Pactility’ at Monterey where records of observed rainfall are 
recorded at 0200, 1000, 1600, and 2200. The observations 
taken at 1600, 2200, 0200, and 1000 are totaled and recorded 
as the total rainfall for the day prior to the day of the 


1000 reading. When an amateur observer is away for a weekend 


“Hereafter referred to as USNAF, 


19 





TT Ion GI, he reads NIS rain gage at 0800 of the day follow- 
ing his return and records tnis amount as the total for the 
intervenins days. This makes studies of daily rainfall dif- 
1101011125 over weekends at tines but usually does not affect the 
total monthly values unless the absence occurs over the first 
Docs montas. Ine accumulation of rainfall for two or more 
days has no eifect on the seasonal totals from Jıly to June 
Bs rata 11١ 15 ذيامقن‎ 1 10 285260 lor either or 9oth months ana 
if rainfall occurred on a weekend, it would be very light. 
Yearly values possibly could be affected if rain fell ona 
weekend durin wnich 1 January occurred as precipitation is 
frequently heavy durin. December and January. 

Mice eecePcr alive conser vers reports are reliable to tue 
extent of the accuracy of their equipment, barring human 
a 


errors such as misreading tne e Or nE lectie to record 


the amount. 

Tne daily rainfall records used in this report were 
Obtained trom the weekly forms sent in by each observer. 
The monthly totals used for the five-year analysis were 
obtained directly from the observers. The replies to a 
letter disseminated to all observers requestin; information 
em the leas tna e@nd availability of their records indicated 
that five years was the lonzest period wnaich could be studied 
Without seriously limiting the number of reports. Thirteen 
(13) sets of records were obtained. 

The seasonal period of July throush June was chosen as 


an appropriate time interval rat::er than tne usual period of 


I1 





January throuzn December because the rainfall during the 
summer months ranges from zero to ten hundreths. These 
months of little or no precipitation provide a convenient 
dividing period. 

Though the observers are not positioned as well as 
could be desired and their records are not as complete as 
professional installations, their cooperation is commendable 
and their efforts sincere. If additional observers could be 
obtained in Pebble Beach and on tne hillside in Monterey 
Country Club as well as both slopes of Carmel Valley and in 
Carmel Highlands, a very complete coveraze of the Peninsula 


would result. 





3. Precipitation Measuring Instruments 

The precipitation reported by an observer is that amount 
which the rain gage contains. since the observer must assume 
that this is the amount of precipitation which occurred at 
that location, a discussion of the types and accuracy of rain 
gages seems justified. 

a. Types of Rain Gages. There are many types of rain 
gages available, each with its own advantages and disadvan- 
tages. The gages used by the observers reporting precipita- 
tion for this study include the Weather Bureau standard 
eight-inch, Navy standard four-inch, Bendix self-registering, 
tipping bucket, wedge, and test~tube type gages. Of these 
gazes, the Bendix self-registering type should be the most 
accurate if properly installed. It measures the amount of 
water collected by continuously weighing the container and 
inscribing tnis weight on a time cnart. When the amount of 
water reaches a certain level in the container, it is auto- 
Maglealiy sıphoned off. A chance of error could arise if the 
siphoning process occurred during a period of light precipi- 
tation as the small amount of weignt added by the lisht rain- 
fall would not be sufficient to cause a fluctuation on the 
graph. The tipping bucket is a continuously recording rain 
gage also in that a counter is tripped each time the bucket 
contains 0,01 inches. This gage may show discrepancies when 
large droplets of rain occur which may tip the bucket before 
it is full because of their weight and velocity. The bucket 


has also been Known to be tipped by a heavy gust of wind. 
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DTD TO CIMT INCA aNd Our Ire Pazes are very accurate 
but must ve read ät .iven intervals. “ne el 1I L=incr -a-e 
samples a lar, er area of „ainfa?l ana is, tzerefore, consic- 
ered more accurate taan the four-incu zase. Tine wedse-t pe 
mee eric ا‎ 01165111611 Square Opening for collectin: tne preci= 
Prracion and uses the slopinz portion to maznify the amount 
collected. Tne test-tube type gave as an opening one-half 
Bic in diameter, does not employ an amplivtyin= system for 

Pe me bie amount ol water collected, anc is toerefore tne 
easter aceoratero. all tre cartes. One inch on tne side of the 
test tube represents one incı of precipitation, which neces- 
EE mas tae least count of tne sage to O.1 inches. The 
standard ei;ht-incn and four-inch mazes as well as the wedge- 
Zee collectrine precipitation over a larser area than 


ato. the measuring colurn, upon which an appropriate scale 


s inscribed. This allows a smaller least count, usually of 


Ho 


El unenes, 

b. Exposure. The most accurate rain -a-e may record an 
Unrepresentative value if not properly exposed. if tne 96 
is placed in a sheltered area such as beside a buildin:, 
under a tree, or between two buildings, it will indicate a 
Peeneer rainiail tnan actually occurred unless the rain falls 
straight down. If the Jae is placed near the eaves of a 
buildinz, additional rain may be collected by splashing, run- 
ning, or blowing water from the eaves. A rain sage between 
two buildings may collect more tnan the actual rainfall dur- 
ing a storm with high winds which could channel the precip- 


2 
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itation between the two buildings. Needless to say, a gage 
ensaldanoLr be placed wiere lawi sprinklers might affect it. 

An example of an accurate gaze wnich gives inaccurate 
records because of its exposume is the rain zage located 
across Fifth Avenue from Root Hall on tne United States Naval 
Postgraduate School srounds. While not located directly under 
Toe, b 15 close enough to be sheltered by it during storms 
with lisnt to moderate winds and correspondingly records less 
Peecapivation than actually fell during the storm, but may 
record some precipitation after the storm if the wind blows 
water from the tree in the direction of the gage. For this 
reason, the records from this gage were not used in this 
study. The records from the tipping-bucket type gage mounted 
on the roof of Root Hall were used instead (No. 6). 

Per=correct exposure, the rain gaze must be mounted onig 
firm, level surface, with the collector rin» level. The gase 
should be at least three to four feet above the ground to 
eliminate the effect of light ground breezes. The distance 
۱ وا‎ 6 to a vertical obstruction should be no less 
tnan the height of the obstruction|1]. Even with correct 
exposure, all rain gases will not record the same precipita- 
tion when a strong wind is present. More precipitation will 
be, blown over the mouth of smaller gazes than over the mouth 
of a standard eisht-inch gaze. 


Ihe maintenance of rain ga: 


ses of tne non-recordins type 
is very minor. The gage should be cleaned occasionally dur- 
IN ۱۱9 periods of no precipitation to prevent inaccurate 


15 





readings. Dust and dirt may cause the sage to record as much 
525 0:01 inches in excess. Kecardinz-type sazes should be 
serviced periodically as specified by the manufacturer. 

An accurate and reliable rain gage properly exposed and 
maintained is the first prerequisite for representative pre- 
cipitation records. Without this as a basis, the records 
ment indicate relative chanses in precipitation, but often 


even this is obscured in the inaccuracies of the measurements. 
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on ol Precipitation Records‏ لل .-۔--۔ 

When a stud; of precipitation records is ındertazen, it 
must be assumed that tnuey are acehrate and representative of 
the immediate area where tne; were recorded. If tre accıracr 
MemodouCctiul, little can be learned of variations of precipi- 
zatıon wit. such factors as elevation, expos1re, wind, and 
other parameters. Three methods will be used to evaluate 
Peeecleoivelion forthe Monterey reninsula ana surroundinz 
٠٠۰٠٠٠٠٠١٦٦۷٦۷6 566 :16110045, 1 i.e. statistical,ewraphical, and 
correlative, will be discussed and later used to present the 
results of this study. 

۰۰٠.٠٣1623631. included in statistical methods. of 
evaluacın. data are Means, avera-es, anu deviations. Means 
and averakes alone do not indicate the variations in the 
Grr inal data and can be very misleading. As an example, 
Arnold Court[7] calculated some avera:e yearly rainfall values 
for California. He stated that tne avera.e for a t"ree-year 
Period endins in 1958 was 19,64 incaes. a value very close 
٣۲۰٦٦8. 9 6 inches, was obtained for a five-year avera;e 
era. 1119004. .A hisch value of 27.01 incnes was obtained 
for the five-year period endin: in 1944. Low values of 16.88 
inches and 16.89 inches were obtained for five-year periods 
endine in 1949 and 1954 respectively. Thus, it is quite evi- 
dent that the averase value for a given period a depend 
upon the deviations from the normal or lon”-term mean values 
as well as the averaze values of a period. The longer the 
pecrrod averaged, the less effective are very niza or low 
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Nate Snte the averte, However, if too long a 
period is averased, a pradual cuanse in values throuchout 
the period may be eliminated. If precipitation were in- 
reas ne 5112111 duri thewlast ten years and an averare 
9 ۳ Last 60 years were catculated, it would be difficult 
Bore valudate sueca a change. However, if two or three 2O- 
wear periods were averaged, the last 20-year average should 
show an increase over tne first or second 20-year avera;e. 

Averages covering large areas sometimes lose tneir 
meaning. An average rainfall value for California gives no 
information as to the rainfall that occurred specifically 
either in northern or southern California. It is well known 
MieWenoruncir) Valıförnıa ets considerable precipitation 
while some or ne ueserts in southern California zet little, 
if any. 

b. Correlative. A number of studies nave been made 
correlating topozraphy and precipitation. Two of these, one 
for northern California[2] and one for western Colorado[3], 
provided metaods by which a mean rainfall value could be ob- 
tained for any location. By combining three or four corre- 
lation graphs, the mean rainfall for 11 years converted to 
hourly intensity could be entered on one graph and by knowing 
the elevation, slope, orientation, and exposure, an intensity 
was arrived at that considered all of these factors. The 
value oi these mean intensities is somewhat questionable in 
tnat the nunber of days of rainfall mıst be known for the 
station before & montnly or yearly value can be obtained. 
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In aduition, only a mean value is obtained and the 


actual 


oracion tor a VEN period could vary widely from this‏ 1م 


mean. 
Case ropnical,. Ine resultes of this study are 


puccentedon erapnical formes Frecipi tation totals 


primarily 


are plot- 


ted on graphs for comparative purposes for the various 


periods. To better delineate the variation of precipitation 


with elevation, lines of equal rainfall values (isohyets) are 


drawn on a topographic chart Of tne Monterey Peninsula for 


these same periods. The isohyet charts illustrate the vari- 


ation of precipitation with elevation and location more 


ei cetıyely Chan descriptions or graphs. 
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a. Wkvaluation of Monterey County Precipitation Records 

Analysis of the data in graphed and cnarted form indi- 
cates numerous variations, as would be expected. Only a few 
9 thie variations cannot be Explained by physical or dynamic 
considerations and therefore must be attributed to instrument 
or human error. The discrepancies wnich have been attri- 
buted to errors will be pointed out in the discussion of the 
praph or chart on wnich they occur. The results of the anal- 
ysis of the Monterey Peninsula data will be described with 
reference to graphs and charts for (a) three individual 
storms, (b) one seven-day period, (c) the total March 8 
precipitation and (d) the five-year seasonal means. In addi- 
tion, the Monterey County data variations will be described 
۲۰۰٠٠٦٦٦٢ same periods of time. The isonyet charts for the 
Perinsula are snown without individual rainfall values. The 
Painiall for any observer may be obtained from the appropri- 
ate “raph or data sheet. The synoptic situations present for 
the three storms were taken from the USNAF charts drawn for 
٣٢٢6 9+ 

a. Individual Storms. Durins the first week of March 
en o.oraınrallioceur:e or. Ss, ane 1d 7 March with little or 
Da zeeıpıtatıon ocxrr1nT2o0nm 2, 4, and 6 March. This pro- 
vided tnree well-isolated storms wrich allowed analysis of 
tne rainfall over the Peninsula for the effect of wind, to- 
Morrell, aná exposure, “Ono Marci, Die surface 627 
pattern was as shown in Fix. 2. A low-pressure center was 
movin: down tne California coast and towards tne ocean. Ine 
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FIGURE 2 (b). SFC. 
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FIGURE 2 (a). SFC. CHART 
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PIGURE 1, LOCAriof لا ماو دن ا اي‎ OSS5RVERS 





average wind recorded at the USNAF durin; the period of pre- 
cipitation was SSW at nine knots. The pattern of rainfall 
which occurred during this storm is indicated in Fig. 5. The 
steep slope along the coast of Carmel Highlands (No. 37) 
seemed to nave a marked effect on the incoming flow, forcing 
ت3 "517 1686 ت5۰۰‎ and’ over or around tne 1500 Teot rid ©. 

This vertical motion either initiated or intensified the pre- 
ena tation and caused an area of relatively hish rainfall ex= 
tending NNW across the mouth of Carmel Valley (No. 39). This 
high-rainfall area was restricted to elevations below 500 
feet as less precipitation was observed at hizher elevations 
on the 750 foot ridze of the Peninsula. The Peninsula ridse 
has an effect similar to that of the Carmel Hizhlands but to 
8 lesser degree as may be seen by the deviation of the 0.40 
inch line from the height contours at Monterey (No. 40). A 
eeced, decrease is evidenced northward alon: the shore as و‎ 
39۰۰۰٥۴۰۰۹۰۰۷6 6 oí tae rid ê decreases. The tow values cf precipi-= 
tation recorded on the west (windward) side of the Peninsula 
are a result of no orosraphic barriers to cause vertical mo- 
tion and increase the precipitation. 

Toe rainlall totals reported by each Observer Lor 3 Marco 
are ¡¡¿rapned in Fig. 4 and the averases for each city as well 
as the Peninsula are indicated. Seaside avera.ed 0.01 
inches, Monterey 0.50 inches, Pacific Grove 0.52 inches, 
Pebble Beach 0.44 inches, and Carmel 0.52 inches as compared 


to tne Peninsula avera-e of 0.3€ inches. 
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PIGURE 5.  ISOHYET CHART FOR 3 MARCH 1958 
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Tne surface synoptic situation for the rainfall recorded 
on 5 March is indicated in Fig. 5. A cold front moved down 
tae codes, passin: over the Peninsula at 2500 PST. The 
averaze wind reported by the USNAF Fror tne period of precipi- 
tation was WNW at eizht knots witn 5usts to 21 knots. The 
ataca pattern is gdepicted in Ei:. 6, the amounts ransing 
from 0.0 to 0.20 inc.es. The minimum precipitation occurred 
on tne windward, NNW, shore of the Peninsula and zenerally 
increased SSW with the slope of the terrain. Minimums are 
indicated at Pacific Grove (No. 34) and Monterey Beach (No. 3) 
with a maximum at Seaside (No. 2). The minimum near the tip 
of the Peninsula (No. 34) was due to the lack of orozraphic 
ftin, this being an area of low elevation on the windward 
side. The heavy amounts of precipitation recorded in Seaside 
are explained by localized showers from cumulus cloud forma- 
tions. Tnere are no orographic barriers to the windward of 
this area. The area of light precipitation in Carmel (No. 9) 
occurs in a small sheltered canyon. Carmel Valley received 
à relatively light amount as it is oriented in the direction 
of the wind. The neavier precipitation at the mouth of 
Carmel Valley can also be explained by cellular cumulus 
activity along the cold front. Fig. 7 indicates the respec- 
veo amounts of precipitation reported by each observer for 
Ss Maren, 1953, and the averages for each city as well as the 
Peninsula averaze. The Peninsula avera.e was 0.08 inches 


while Seaside averared 0.20 inches, Monterey 0.06 inches, 
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Pacific Grove 0.02 incaes, Pebble Beach 0.04 incies, and 
Carme 52,03 inciies. 

Tne storm of 7 Marcn 1953 caused precipitation measur- 
DO كا‎ 0:22 INC O8 tom@ccur over the Peninsula, as 
indicated by the isonyet cnart, ae. 8. ine surface synoptic 
2  االكا 11ت‎ or 022315 day is shown in Piz. 9. A cold front 
acain noved down the coast, passin; over the Peninsula at 
approximately 0100 PST on 8 March. Tne winds reported by the 
USNAF indicated a two-knot souta wind prior to the frontal 
passage and a 14-knot SW wind after the front passed. A var- 
59۰30۱ 610176117 from 0.05 inches on the north side of the 
Peninsula to 0.22 inches at Carmel Beach and Pebble Beach 
(No. 23) are noted on the isohyet chart. This variation with 
the heavy precipitation on the windward side is opposite to 
that observed in the storms of 3 and 5 March. It is possibde 
ie bae. precipitation came fron clouds below 1000 feet. In 
this case, most of the water would nave been extracted as tne 
clouds passed over the 750 foot ridge of the reninsula, leav- 
ing less to fall on the leeward side. Taiis would explain tne 
large amounts recorded on the windward side and the relative- 
ly larger amounts reported in Seaside woula be a result of 
Liew eUC MOOT pass tavourn tne ride. Ine clouds) would. not be 
lifted as mucn as at the other points alon: tne ridse, leav- 
Ure More: preclpitetion to Lall beyond the ridte, Fiz. 10 
shows that on 7 March, 1958, Seaside avera;ed 0.08 inc:.es, 


Monterey 0.10 inenes, Pacific Grove 0.09 incnes, Pebble Beach 
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0.15 inevies, and C@rnel 0.17 inches while tne Peninsula as a 
Mn@te received am avera-e of Usle inches. 

Factors wnich affect precipitation on the Monterey Fen- 
۱۱۳ Iichuderene. wind speed, wind direction, type of cloud 
causing precipitation, and height of clouds capable of caus- 
ine precipitation. The topography of the Peninsula has a 
6ئ‎ 0۷۷٣۰۰۶۰۰٠۲۰۲٦۶ amounts oi precipitation received in any 
Brea. line eriect of orosraphic liitin; on rainfall is well 
described py V. Conrad|4l. He states that heavy precipita- 
N GT COLIC onsthe lee side of à mountain because of 
the continued upward movement of the ascending current due to 
ue ۱۳۲ 18 اا‎ the air. "When strons descendins currents ens 
counter this inertia driven air, tne air is forced down and 
condensauton ecasos. This explains the sradual decrease in 
precipitation Deyond tne leeward side of the mountain. Heavy 
precipitation may also be evidenced some distance to windward 
cia montar « [as is caused by the stagnation of air 
against the mountain in the lower layers creatinz ascending 
air currents well to the windward side of the mountain. This 
effect was observed for the storm of 7 March, 1958. The 
heaviest rainfall occurred along Carmel Beach and Carmel, 
with décreasing amounts farther up the slope. 

b. Seven-Day Period. The hishest monthly total rain- 
fall recorded since December, 1955, which was an exception- 
ally hish month resulting in floods for many cities along the 
California Coast, was the month of March, 1958. Slirht 
flooding was experienced from the rains during March, 1958, 
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MS necios alon= tie coast. Carmel Hiver banks and tue 
area surroundins El Zstero Lake in Monterey received minor 
floodin;. Ine week of 51 March throush 6 April 4958 was the 
week of neaviest rain. Observers reported rainfall for all 
even da S wita over one inch per 24-hour period reported on 
we oeccasıons and on three occasions for some observers. 

Tnezisguyets for tne week ofsol March through G6 April 
saos shown uin i>. li. The totals for tne week range from 4,0 
inches to 7.6 inches. Tne general pattern is oriented NW - 
SE with the lower amounts on the northwest coast of the Pen- 
ela. Wiener elevations received the most precipitation 
except that the low area of Seaside (No. 2) reported the 
terrest, 2anount recorded on the entire Peninsula. This value 
Bees eOuL Ol proportion and may be due to improper exposure 
fine rain rae. Ine relative low values reported for Carmel 
Valley seemed quite representative considerin; the storm 
patterns described previously. The granhed values for each 
observer (Fiz. 12) indicate the ran.e and averases for each 
2٠. 00311 35 tor tie Peninsula. Ihe Peninsula avera e rom 
this one week was 5.08 incnes, more tnan for most months of 
DOC cap. نب‎ 68.٦062767 ة6 ل6‎ 3.94 inches, Monterey 5.19 inches 
Pacific rove 5.01 incnes, Pebble Beach 4.43 1611687 6 
Carmel 5.56 inches. 

Marcn. The rainfall for March was five times as‏ وه 
heavy @s tne average iiarch rainfall for the last five years‏ 
and three and one-half times as heavy as the 23-year avera.je‏ 


from tlie old Del Monte Hotel [5].  Isohyets for March 125? are 
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shown im Fr. Lo, yhich may be compared to {ne isomyets for 
an averaze of Marci totals Cron 1953-10967 (Fig. 14). The 
Dow ا‎ 1s more detailed since data fron» 27 obser- 
vers were available woereas tie five-,ear avera~e cuart wasg 
ao Maine reports. lnere 1s very little similarity 
between tne two cnarts. The March, 1958 chart reflects the 
ororraphic effects of tue ridzse for SW winds, whicn is the 
wind directio. during a majority of the storms. Tne five- 
feet avers E Chart Tor idarch shows heavier precipitation for 
En uopeelovavions, except for the maximum of 2.0 inches on 
Meee noreiwest: shore, - Eir, lb is a.prapnun of the total rain- 
Huc oreMspeH 19598 for each observer. The averazes Lor ede. 
(2uy ead tere Peninsula -can be compared to the variations in 
individual values. Seaside's averame total precipitation for 
Maren, was 6.45 inches, Monterey averaged 7.25 incues, Pacific 
Grove 8.27 incnes, Pebble Beach 8.61 incnes and Carmel 8.15 
genes. 

d. Five-Year Means. Tne five-'ear avera:e for tne 
SSO UIL FT 193952 torou:h June 1957 was calculated Tror eint 
Gbservers fron their montbls99*Pecords (RUg. 16) and tae ro- 
sults plotted as a five-;ear mean chart (Fiz. 17). This 
cnart indicates a variation wit. elevation even nore pro- 
nounced tian tne cuart for March, 1958 (Fi-. 13). Tre values 
ranve from 12.77 inches on Monterey Beach (No. 3) to 17.16 
inches in Monterey (No. 31). Carnel Valley (No. 14) deline- 
ated the minimum values for the lower elevations and the con- 
tinuation of te isohyets to indicate larzser rainfall totals 
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Rainfall for March 
Five Year Mean 
1953 - 1957 

(inches) 
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FIGURE 14,  ISOHYET CHART FOR MARCH, FIVE-YEAR MEAN 
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for Carmel Hishlands (No. 37) seened reasonable from the 
results of the individual storms, weekly total, and monthly 
total analyses previously described. The individual values 
of seasonal means are graphed in Fiz. 18 showins tne Penin- 
Sula averaze and the deviations. Fim. 19 is a graph of the 
Peninsula avera;e for each of the five seasons with the five- 
year avera:;e super-imposed. The very wet season of 1955-1956 
raised the five-year average above all of the other four 
years, wnich points out again how & high seasonal total can 
affect à five-year mean. Obviously one high value will not 
om copes very Lon tern mean as drastically as it does A 
short-tern mean. However, if a ten-year period is chosen and 
includes the 1957-1958 season as well, at least two hish 
seasons will be included, affecting the ten-year mean in ap- 
proximately the same manner. From the seasonal totals as re- 
corded in Carmel Valley (No. 14), the season of 1951-1952 
(51.50 inches) was almost double the five-ye&r seasonal 
avera ¡e (102.86 inciies), so that a ten-year period from July 
1947 throuzn June 1957 would include two nizh years and two 
low years. However, the hizh years varied further fron the 
mean (13.55 incnes and 4.70 incaes) than did the low ears 
(5.85 inches and $5.92 incnes), tnus resultins in a nisher 
8 ۰ 

e. Representativeness. In most climatolo-ical studies, 
the reports of one Station are taken as represe.itative of a 
city or area. therefore, the question arises as to now 
representative of an area is one report. The reports of 
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PENINSULA AVERAGE FOR FIVE SEASONS 


FIGURE 19. 
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station No. 31 are those used by tne United States Weather 
Bureau in the oreparation of the California Climatological 
Summary. ; The USNAP (No. 6) is the official synoptic report- 
ing station [or tne area. A comparison of tne individual 
reports to the Peninsula averazes for the various periods 
indicated taat station No. 50 in Pacific Grove reported very 
elose to the average. Table IV lists tne three stations with 
their percent deviation from the Peninsula averase for the 
various periods. It is evident from this table that the USNAF 
0١5 loast representative ol Las. bares stations as tnhoir 
reports are consistently le percent to 69 percent below the 
Peninsula average for the same periods. This is as should be 
expected, due to tne location of USNAF on tne lee side of the 
Peninsula ridbe with respect to the prevailing winds. Station 
No. 51 deviated from 100 percent below to 25 percent above 
Me ayera e Lor 1 Th Station No. 50 deviated from 
vo percent below to 17 percent above the averaze. In all 
cases, the largest deviations occurred for individual storms, 
which emphasizes tne local variations of tnese storns. 

The deviations for March, 19583 were -50.8 percent for 
sgetron 10. وت‎ T5.9 percent for station No. 50, and 412.8 pere 
cent for station No. ól. Deviations for tne seasons are 
smaller and better represent the likelihood of the station te 
receive a rainfall near the Peninsula averaze. From tnose 
values, it is evident tuat station No. 31, a cooperative 
GDsSOPVOP Llor CCLRC ther bureau, reports precipitation values 
from lO percent to 16 percent above averares for tne Penin- 
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sula, which means the values quoted in the California Cli- 
matolo@ical Summary are aporoximately 15 percent in excess 
Ol Gee actual avcraye precipitation for tne Feninsula. 
Station No. 30, however, reports within tnree percent to 
۳۲ percen> Of the Peninsula nverase, Sitner. above or 
below. Tne USNAF reports from twelve percent to 20 percent 
below, or an averace of 15 percent below the Peninsula 
erase sur lıcıent data are not available to determine 
stations which are representative of each city. Tne sea- 
sonal totals are limited bo one or two stations in each 
oity: 

The Extended Forecast Section of the Weather Bıreau pub- 
lishes a bulletin [6| semimonthly in which the 30-day outlook 
15 IVE, r e e pitat lon values ape kiven in terns of ار‎ ٣٦٣ 
moderate, or neavy with respect to tne 20-year normal for 
each station for the particular forecast period.  Taese nor- 
mal values are represented by two class limits, one dividing 
۳ 1 ib trom the moderate, the other dividin.; the moderate 
27 0 ۱6۱۷۷۰ Meavy.. “Ine class limits for tne forecast period 
ere wolOuved 167 tne Stations on a chart included in the fores 
CSTE. STD example, tha Limits for monthly precipitation 
amounts from mid-May to mid-June for San Francisco are 0.09 
الا لكت‎ inc GES. IC predicted précipitation for tne san 
Francisco area is moderate, therefore, from 0.09 to 0.57 
incnes may be expected between nid-May to mid-June, 1958. 

With reference to these forecasts, class limits were 
determined for a station in Pacific Grove. TPE is station wae 
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used because it is the only one for which a 20-year record of 
monthly values (1929 to 1948 for January throuch May and 1929 
throu n 1947 for June throush December) was available. The 
class limits are obtained by listing tie monthly value for 
each year in numerical order and dividing tne number of 
values in tnree parts. The two values at the division points 
are the class limits for that month. The class limits which 
divide the lisht precipitation from moderate and moderate 
Prom heavy precipitation for Pacific Grove are listed in 
Table V. These limits should be close to the Peninsula aver- 
aze limits as Station No. o0 in Pacific Grove was very close 
Lo the averaze for the Peninsula, 

f. County Precipitation. Of the eight observers 
located within Monterey County but not on the Monterey Pen- 
insula (Table III), only the station at Moss Landing (No. 1) 
reports less precipitation than the Peninsula average., The 
coast is flat with no orosraphic barriers near the station. 
The remainins seven observers are located in mountainous ter- 
rain. San Clemente Dam (No. 18) and Los Padres Dam (No. 19) 
are located in the Santa Lucia mountains near the head waters 
OF ne Carmel Rivor. otations numbered 20, 21, and o0 are 
located near the Coast Highway in the Santa Lucia Mountain 
Range. These ni;her elevations with large orographic 
features receive heavier rainfall than that experienced by 
the Peninsula. For example, San Clemente Dam (No. 18) re- 
ports 19.82 inches for the five-year seasonal mean, Los 
Padres Dam (No. 19) reports 22.18 inches, and Bixby Mountain 
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(No. 50) reports 33.96 inches as compared to the Peninsula 

five-year seasonal mean of 15.20 inches. The individual 

storms and monthly total also indicate the same variations 

(Table VI) except for the storm of 3 March, 1958. This 

storm did not extend beyond the Santa Lucia Mountain Range 

as evidenced by tne heavy precipitation recorded 16 
۰ 


coast (0.57 incnes to 0.90 inches) while the dams (Sta. No, 


18 and 19) did not receive even a trace of precipitation. 
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6. Conclusions 
The topography of the Monterey Península nas a marked 
effect on the factors affecting precipitation such as wind 
and clouds. From the results of this study, certain con- 
clusions have been made. 
8, Very low clouds cause heavy Precipitation 77 
base of the ridze on tne windward side and decreasing 
precipitation with increasing elevation. Lisht pre- 
cipitation is experienced on the lee side of tne ridze. 
b. Low clouds cause licht precipitation at tne base of 
the ridse on the windward side and S amounts 
With increasing elevation. Light precipitation is 
experienced on tne lee side of tne rid-e. 


Hizner low clouds cause lisnw precipitation at tne‏ ہے 


He 


pase and on tne lower slopes of the ride on “le wind- 


word side. The heaviest precipitat 


fe 


.on is experienced at 
tne highest elevations on both the windward and leeward 
sides. This is due to the wind carryin, tne procipita- 
tion over the ridse where it falls as it loses momentum, 
Large asounts or raintell nac bé observec to 0 oF 
a Pass irn ۵ pide. 11 Lie pass 1s not safflicibnut nx 
to precipitate all the water from taie clouds, 

a ie most representative station for ve roninsula 
ayer 1S ee raciales Urove Reservoir, ocpoprated oy 57 
California Water and Telephone Compan,. Tris station 
(No. 30) receives A uta within dere, 
Die TT N IT GO EO O 0 603021080000 for ele 
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Monterey reniasula., 1۶18 01-15551033621 reporting 
station (No. 31) reports 13 percent above the averaze 
for the Peninsula and the USNAF (No. 6) reports 15 per- 
cent below tne Peninsula average. 

€. The class limits separatins heavy, moderate, and 
li;ht amounts of precipitation for the Monterey Penin- 
sula were determined for each month in accordance with 
the Weather Bureau's system for monthly weather fore- 


casts 8 . 
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7. Recommendations 

it is believed tflat a more complete study couid be made 
01 ule Variation Of precipitation on tae Monterey Treninsulr u, 
the information Sained from workins with this data could be 
used in increasin: tne number of observers and improving the 
accuracy of tne reports. 

More observers are needed to better delineate the varias 
tions of precipitation on the Peninsula. The locations where 
they would provide the most information are on both slopes of 
the Carmel Valley, in Carmel Hishlands at staz-ered elevations, 
in Pebble Beacn and Monterey Country Club especially on the 
side OL tie redee, alon bue Top of tne ridses, and In 5838 
side. Some observers at Fort Ord and in Marina would better 
indicate the variations along the coast. 

Better results could be obtainsd if the observers coule 
be impressed with the importance of proper exposure ol 7 
rain zazes. It is believed tuat all observers are conscien- 
tious and read their zases accurately, but the exposure of 
some of the mazes is questionable. 

Pucare studies waich would be of value in: supportin® or 
ROrreC van “S80 16 ۲۳۲66 results obto:nedg would-be a Conparigon 

۰ 
Gen pesto ral TES SECO DT GUST 6ج و وت‎ ze 
31۶ ۱۱۹6 لت لفرت مم الو‎ ۱۰1۱۰76011000 0890 7 
Ere do Vapour aL one location to test the SCC ع6 و‎ each 
Lype@yeee. At che time of tuis study, only one test-tube 


pecas atlas Le for comparison with ctner types. 


55 





A study of this same type conducted in five years and 
again in ten years would be very valuable. More observers 
snould be participatins and five-year records for as many as 
30 stations is not an impossibility. Much more detail could 


be investi:sated with sucn data available. 
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